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Abstract of JP2002068897 
PROBLEM TO BE SOLVED: To provide a method 
of growing a group III nitrida crystal, by which the 
high quality, large size group III nitride single crystal 
can be obtained with a good reproducibility and to 
provide a device for producing the crystal, the group 
Ml nitride crystal and a semiconductor element 
SOLUTION: The vapor pressure of Na in a reaction 
vessel 106 increases with temperature rise during 
heating and pressurizing, thereby, the molar ratio of 
Na in a molten mixture 107 is lowered by the 
evaporated amount of Na. Vvrth the elapse of time, 
though the molar ratio of Na in the molten mixture 
107 is gradually reduced by scattering of Na 
through a gap between the reaction vessel 106 and 
a cover 1 0S or through a perforated hole 1 04 
provided in the cover 1 0S to the outside of the 
reaction vessel 108, a required molar ratio of Na Is 
secured until a nucleus of the crystal is generated if 
the amount of Na is sufficiently filled. The molar 
ratio of Na is reduced by scattering of Na to the 
outside of the reaction vessel 106 for the time after 
the generation of the nucleus of the crystal. 
Thereby, the generation of a competing crystal 
nucleus can be suppressed. 
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[0043] 

Moreover, Fig- 2 is a view illustrating a configuration example of a 
device for growing crystal in which, using a seed crystal (seed crystal of a group 
III nitride), a group III nitride crystal is grown. In addition, in Fig. 2, same 
parts as in Fig. 1 are denoted by the same reference numerals as those of Fig. 1. 
In the configuration example in Fig. 2, in order to grow a crystal using a seed 
crystal (seed crystal of the group III nitride) a seed crystal 211 supported by a 
support bar 210 so that the tip thereof is brought into contact with a mixed melt 
107, is provided in a reaction vessel 106. 
[0044] 

In addition, even when the seed crystal is used, the controlling method 
of the molar ratio of Na in the mixed melt 107 is the same as that when the seed 
crystal is not used (a case of natural nucleation). 
[0045] 

Next, the control of the molar ratio of Na in the mixed melt during the 
crystal growth will be described. During heating and pressurizing, the vapor 
pressure of Na in the reaction vessel 106 increases with the temperature rise, 
and the molar ratio of Na in the mixed melt 107 is lowered by the evaporated 
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amount of Na. This requires that the molar ratio of Na when it is charged in 
the reaction vessel 106 is determined in advance by considering the evaporated 
amount of Na. 
[0046] 

With the elapse of time, the molar ratio of Na in the mixed melt 107 is 
reduced gradually by scattering of Na through a gap between the reaction 
vessel 106 and a cover 105 or through a perforated hole 104 provided in the 
cover 105 to the outside of the reaction vessel 106, however, if the charged 
amount of Na is sufficient, a required molar ratio of Na is secured until a 
nucleous of the crystal is generated. In addition, when a crystal is grown using 
a seed crystal, without generating a crystal nucleous, crystal growth originating 
the seed crystal is started more smoothly than a case where the seed crystal is 
not used. 
[0047] 

Even, after the generation of the nucleous of the crystal, the molar ratio 
of Na is reduced by scattering of Na to the outside of the reaction vessel 106. 
Thereby, the generation of a competing crystal nucleous can be suppressed. 
[0048] 

As mentioned above, in any one of methods of growing a crystal when a 
seed crystal is used and when the seed crystal is not used, a high quality, large 
size group III nitride single crystal can be obtained with a good reproducibility. 
[0049] 

In addition, in order to control the molar ratio of Na, at least one Na 
reservoir can also be provided in the reaction vessel 106. By providing at least 
one Na reservoir, the time constant of Na scattering to the outside of the 
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reaction vessel 106 can be controlled. 



[00551 

In addition, the method of controlling the molar ratio of Na in the mixed 
melt of group III metal and metal Na or a compound containing Na, by 
providing a Na reservoir, can also be applied even when the group III nitride ie 
grown using a seed crystal. In other word, by setting the molar ratio of Na 
during nucleation to a molar ratio most suitable for seeding to the seed crystal, 
it can be applied to the method using a seed crystal- 



[0080] 

Moreover, since the invention according to claim 8 is a group III nitride 
crystal grown by the method of growing a group III nitride crystal according to 
any one of claims 1 to 5, a high quality and large size group III nitride single 
crystal can be provided. In other words, since the group III nitride crystal 
grown by the method of growing a group III nitride crystal according to any one 
of claims 1 to 5, is a bulk single crystal grown in a mixed melt of group III metal, 
or a mixed melt of group III metal and Na, has a lower dislocation density as 
compared to that of a crystal obtained by a method of selective growth, and has 
no crystal defect generated by stress due to difference in thermal expansion 
coefficient between itself and an epitaxial film, or the Like, the group III nitride 
crystal is a high quality crystal whose dislocation density is essentially low. 
Further, when the group III nitride crystal is grown by the method of growing a 
group EI nitride crystal according to any one of claims 1 to 5, by mixing a 
dopant in the mixed melt, electrical conductivity of the crystal can be controlled, 
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and further, when a seed crystal is used, crystal orientation can also be 

controlled. 

[00811 

Moreover, the invention according to claim 9 is a semiconductor element 
using the group III nitride crystal according to claim 8 as a substrate, and the 
semiconductor element has the following advantages. In other words, since 
the group III nitride crystal according to claim 8 is a substrate whose crystal 
defect density is low, long life-span of the element can be achieved. Moreover, 
since, by mixing a dopant in the mixed melt, the electrical conductivity of the 
crystal can be controlled, and when the crystal used as a substrate for an optical 
semiconductor, a laser structure where an electrode is formed on the rear 
surface of the crystal, can be achieved, and face down mounting can also be 
achieved, heat dissipation performance of the laser element is improved and at 
the same time cost reduction thereof can also be achieved. Moreover, since the 
substrate itself has cleavability, and the crystal orientation thereof coincides 
with that of an epitaxial layer in which the element is formed, the edge face of 
this semiconductor element can be formed easily by means of cleavage. In 
addition to this, a high reliability and durable semiconductor element can also 
be provided. 
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(6 ) #12 0 0 2-6 8 897 



[0 0 4 61 «WiO»ifc*V\ BUS*»1 0 6iSl 
3I?L 1 0 4 4» 6,©BWW» lOB^ONa ©ttSfc* 

o „ i o 7 «t»© n a ©tvufcttft* 

©*/Hfc|4i5««*^Jt«llft5*v*. 4*3. SttAtr 

[0 0 4 7] Mr*«t±Jftftt>. Na©R«S»l 0 6* 
~©ftfefc£ 9 N a w*Mbft$'>1"5. *W-*9, 

[0 0 4 8] »Jb©J:5K. WBAfcJBV****, fflV* 

[0 0 4 9]<£J5> K&&4* 1 0 6 I*IK, N a 0*/Ufc 
fflffefcftlC 1 1 1 -?©N a y 

< t * 1 -owta r i t% 1 0 e 0—©n 
a «fc<os»jt*tiaiwt 5 ' t 5. 

[00 5 0] H3 ftBDBaWrtKN a 2> f-/<-SWR»t 

[00 5 11 mtmtZk* R(S3S»10 6Ort» 
CBN a J)f-/<-3 0 7»tt>*U NaDf-^ 
3 0 7 rtKHtN a 3 0 6 N a !) f - 

/<-3 0 7tt» 2l0 5fcJ:!)Effi*#10 6«>*Sfc 30 
IT fe;fcT*S 9,1105 fcRW fetL*:K**» 1 0 6 

©^taai-ajta?Lio4i:, NaUf-/<-3 0 

0 6tfriifflt5SiiTL30 8t^J:!3. NaO^Jfc 

fcjHWt* i 5 tfto-cv^. R££33 l o 6 

[0 0 5 2] ftK, III«Sft*S:JSft**5R©Na 

-cb, BotirtnoeoaioBfcSrt-bK-c^Mn 

7L1 04*>E>Na Jl 3 0 7rt©Na 3 0 6fl*g 

««n i o 6 vm^m? s c: tic 1 9 . s^gst i 
o 6 ftoummmtN a oaftitift io7©ns 

[005 3] Na!)f-^3 0 7(*J«>Na 3 06d^ 
T*»lfe\ Jft&»« 1 0 7 ON a ©^/HfcttiSTbTlo 
< 0 NaW*/Wfc04ST«Wtatt* 2O^WfflTL10 

7 rt©N a 0*/HfcttT*"W)B»HB:, E#*S 1 0 6 50 
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©ai0 5fc*l7fcJGHLl-0 4©M«fcNa 

[0 0 5 4] fiU:©,): 5 9 > ££®88 

o, *n«|*»Na©»K*TH , 5d*fc*9» «Ht 

HMSft*8« lit **■<?**. 
[ 0 0 5 5 ] ft*3, Na!l 1f-/<-fcKtt Tllltt&fc 
t&JRN a S>3V>BN a fc£tHb^®aMH»*«?«>N 
i©*A***M»t*tt#tt* «**lr»V^TIIl«« 

*MfcKia£-r?>::iKJ:9, 
[0 0 5 6] *fc % £;S£$flK&8fc©Na !!?-/<- 

[00 5 7] H4 McKJCMBAKN a !) f -/<-*s«lt 
#LT^5 0 H4 0WCB, sisssioeortftfc 

B, Bl©Na!Jtf-/<-4 0 6fc&2©Na l JlF-/< 
-4 0 9 t © 2"3©N a y H , -/<-*«a»t feftt^S,, 
[0 0 5 8] llCNa 4 06, f 

2©N a Uif-^-4 0 9 KB, -eft^Ju N a 4 0 
8, 4 1 l*«iR»*n-C^a. ft*:, Rm&l 0 6© 
*10 5KB, * l© 9 f-/<-4 0fl 
Hi o 6©ftS|ifc&3a-t-*ffi§?U (MiWtMiT 

V^5. ftfc, SlCNa J>1P— '<-4 0 6KB, Bl© 
N a j, 4 o 6 t £Cf&8» 1 0 6 t«J t Srsa-rs 

Jta?L4 0 7S«HBe>*1.TV^. ftfc, ^2<7>Na 
-y<-4 0 9|:il S20N> l>f-/<-4 0 9 tS* 

3„ R^H10 6^KB, ^mNafcSV^BNaSr^ 

iBiR10 7«»#ftt*. 
[0 0 5 9] ftK, IIIj*»tflS*&J**S*«R«>Na 

-CB, JBl0Nayifw<-4O6jWtaaW»ll>6*V 

l©Uf-/<-4 0 6©Na 4 0 8 ©1 £: fJ!?l 1 0 4 
OMK J: D , «HWO»fiHH» 1 0 7 a ©*^ifcW 

[0060] ISl©Na Ufw<-406ONa408 
*tflkj4Lfcftrt. Na©SJ6«»l 0 6^O*3ft3S8t 

b, saTL4 0 4tjei©Na y^-^~4 0 6osa 

7L4 0 7fcfcJ;9fc]££*U *2ON»yf-/<-4 0 
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(7) 



9 fc * 9 ftfc * ft* N « ©**tt <D¥flHfc*K:S * * 
T\ &£-fi£& 1 0 7 ON a ©aeA"Jfc»ifcM"5, 
1006 1) IZQNa ptf-/*-4 0 9 

Na4 1 l#A-C«3&Sfta*-C, 0 7ttlS 

[0062] ttot, Ml, »Z©3/f-^-40 6. 

[0 0 6 3] BD4©«-ett2-P©!Jf-^-4 0 

6, 4 0 9&!Ritfc* { , <SllfcJ;!J*fel=*<0 9**- 

[00 64] ^ro£5{i, jjOStWiemkONayH' 

10 0 6 51 4Ja, B8fcSV^J±H40««> 1 5 fcNa 20 
yf-/<-|r1Ut-CmjW^jHtAllNa*)5^l4Na 

fc ttfc«ft*A'JfcieR«t * - }c * 

[0 0 6 6] *fc % Jtaofcafc*^ m**»tR 

ioo6 7] jb3eufev^-fai*»«»fi««mB. ftfi* 

SH4*<1tfe*U «-?-C, «Att©IIIi««b»*»* 
[00 6 8] toi5KU'C»6ii.fcni*«fclWWI 

[ 0 0 6 9 ] 121 5 tt*»Bfc#**»fl*f-©lllJ«»l* 4.0 
m-rmvbZ. 13 5 I'-tf 

ASK 2: LTTG a NiWRtrlVWe. 
[0 0 7 0] 0 5 M 
OCVDttfc:**, n-GaN^35*S«i5 0 2jb^ 
n-OaN'<'y7r-M503^U, n-lno.. 
Ga,.,N?7^M504 l n-AW. Ga 



$1 2002-68897 
12 

fi44JB5 0 7 % p-GaNW KIS508. p-Al 
„ Ga.., X#7vYM509, p-GaN = ^?H 

anwio s i o.ihm-5bi i ft^ur^ii^ ■* 

[0 0 7 1] S5^M-Cri, GaN£&5 0 2t£#SB$ 
fc*aiII*»fl*l**MBW>*. t*iki9, G 
aNS*5 0 2*«>fc©* ! SWtt*ftfc. 
^tS^f^^^-Y^SSOS, 5 04, 5 05, 5 
0 6, 50 7, 50 8, 509, 5 1 0 bfefklltiLffi- 

[0 0 7 2] **3, **WfcJlSIII*Wfc«i*«» 
5. 

[00 7 3] 

5lM*Na fcfctrfc^fcuUS&R*»J:tf2*fc«^ 
©Na©**Jfc$\ #W, SEJMlPBaa»»J:0#* 

[0 0 7 4] »MHm>III*Bfl««» 

ic. lllKS4t*©{ft»*«:Ttf5i:, mfcSft*©® 
LtfUiafittbii* tt***Hj***»fc-3feOMa* 

[0 0 7 5] mt#U *S«T?&* IHlttft*© 

ia^jsoiwwttt&ftfiwtt-efcs^ilWiiJ^N a © 

^**tt*Na**4fc*flH*U teiBricfttttftNa 
< 1 5 1 1 -easfrt****4« t#Mlt* ^ t 

tft5. ro^m, iSi&tt*^*Soill»^fl5»*S 



N;?yK!505. n-GaN^ KJB5 06, In 

.... G 9in N/GaN 2ji$J: l 3ft5DC!W$ii<Z> 50 fitfSgittft< ft6>*b5. 
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[0 0 7 6] &K.s tt**2SB«©*91k:*fttf» •** 

ttt, 3&fta«A©8A*tt»*t>*fcfcft*. ~ h 

K*tU ©N a ©*>Wfc©W*Tl?©**ftf* 

[00 7 7] »3Wl3B««)*HKJ:*Ltf. HI 
&&IS£&KN a SfcllNa fc^tHb"^©^!^ 

*^©iMWn*M.<MIPU *h6»©»A*** 
»#Ji"5 =. 1 1 i f s Pis&fc < » fttfW>' w A 
[0 0 7 8] M#94, H««6IE«o»«fcJ: 

KA*»rtlC*ft < t i 1 -3©N a U * -v*^fc 

1feOS-§ L iB?R ( f ON a ©*>Wfc$:lfiWt , S Ot?, 8&@f 
©4lWKWlU»fl5<W)«Wl*t«<lllfPU * 30 

Tfcfc*.. Nayir-^-fcSt 

tt, efi*S&8j»oiIIfl!2'(fc»oiafllSia**+»*tt 
Jg£-<?£>N a ©«atr*«i*rwi»o*««rfl imfi 

fcS#» Na!J*-/<-MWS*'frfctt. 

ft«oBKV&iiraua*. Nayf-/^e. 40 

SMMMtfcMfflU *0-»S5Lttft<Hfitt©'<'>' 
I00 7 9] *fc, »#*5, fg#«71Sfc©»«K,fc 
ON a M-^—K— fc*»l>-C. N • ©R*#«W^©1W4 50 
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#$2 00 2-68 8 97 
14 

©*i£**RfcLf. ni^Jai^JRNafe5V>ttN 

Na«»>HfcO«l» l1, r*fcft*« tfc*>fc» NaiJlf 
-vK-fcl-sLsWRtffc^fctfctt* »A»4*»»©» 

tt&JlPN a ©*A-tt©ftTfc*»a»***3«*t»a< 

-/<-&Bt«\ HSfcCNa !llf-/<-K*V>-C» Na© 

A*Na *5V>ttN» tr^trflS^fcOS^HilJEt^Na 

5?S£*a 5 ©wf *ia»-g icfftaiiiraftslbttAe 
©T\ »WM*o«ftOIII*ftfl*«***Jt«-C 

*fcIll*fcfc4MIArt» UA»54JR*fcttlli*AJRi: 

j^fcJ:9»fe*tS»AtH^*TWt*Ka s ft<» 
^*4^tA«fc«»aW«>*»fcSH+fi«*fcJ: 0 

« i 5 © w? ni*-atia*©iii*a<k« 

»A©ttaMt*#*fcJ: 5 IIIjWWfe*»Afcri»** 

[0 0 8 1] Sfc, »#«9B2«©»ll!Ht. Sfrfc*S8E 
*©HlKaft»»ASrS«fc L-CHV*fc*W#**T 

SSS©®^S«i «^©t?> " <D*»»V(fc* pTbB k 41 
5. *fc» »«K1'tK-/OHrJaW.r«Ci:Ki* 

i^-*^©JMStt««»»**i.*J:*lc=«^ ^^^^ 
[BSOffiHaftRn] 

inn *»«fc*ai*A**st«©iiiJ*«ft*i-H"p 
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15 

113] *»Wte**8JUUW*®tt0to*****' 
104] WHtttailft^t©^^****^'-*^*^ o « 

1 0 1 E#£3l 

1 0 2 ®T&# 

103 t-*~ 

1 0 4 JtiiJl 

105 m 
i o 6 mmm 

1 0 7 ft£lBffi 
108 mftavVv-f- 

1 o 9 mm*.® 

2 1 0 «JSS3£^!» 

2 1 1 

3 0 6 Na 



(9) 




m 2 0 0 2 
16 


* 3 0 7 


Na y*-X- 




3 08 






4 0 6 


.ftioNt 9 ■*■-/<- 




407 






*4 0 8 




4 0 9 






4 10 






4 11 


Na 




5 0 1 




10 


5 0 2 






5 03 






5 04 


n— I nGaNS 




50 5 






5 0 6 


n-GaN^ KJ8 




5 0 7 






5 0 8 


p-GaNtfW KJB 




509 


p-Al GaN??? KB 




5 1 0 






5 1 1 


s i o,&m 


20 


512 





[■2] 
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